INTRODUCTION
============

Cytomegalovirus (CMV) infection is a major cause of morbidity in recipients of solid organ and bone marrow transplants, in spite of significant advances resulting from preemptive therapy and early diagnosis, thus limiting the effectiveness of organ transplantation as a procedure for the treatment of end-stage diseases \[[@B1]\]. Many techniques are currently available for identifying and monitoring CMV infection, including shell viral culture, antigenemia assay, hybrid capture assay, and qualitative and quantitative PCR assays \[[@B2]\].

The CMV pp65 antigenemia test is an immunofluorescence-based assay that utilizes an indirect immunofluorescence technique for identifying the pp65 protein of CMV in peripheral blood leukocytes. The CMV pp65 assay is widely used as the gold standard for monitoring CMV infections and the response of CMV positive patients to antiviral treatment. Even though the results of the pp65 assay can be obtained in a few hours, it is labor-intensive and suffers from a significant inter-laboratory variation with respect to sensitivity (from 50% to 83%) and specificity (less than 80%) \[[@B3], [@B4], [@B5]\].

Quantitation of CMV DNA by real-time PCR is a useful diagnostic technique with its high detection sensitivity and simplicity of use \[[@B6]\]. However, consensus regarding the cut-off level for the diagnosis of CMV infection has not yet been established \[[@B7]\]. Q-CMV real-time complete kit (Cepheid, Nanogen Advanced Diagnostic S.r.L., Torino, Italy) is a real-time PCR kit used for the quantitation of CMV DNA in whole blood. So far, one study comparing this kit with the CMV antigenemia assay has been reported in transplant recipients \[[@B8]\]. The aim of this study was to compare the Q-CMV kit with the CMV antigenemia assay in different disease groups of patients and to investigate the clinical advantage of the use of real-time PCR for quantitation of CMV DNA in whole blood.

METHODS
=======

1. Patients and samples
-----------------------

A retrospective study was conducted on a total of 79 patients who visited Korea University Anam Hospital from June 2011 to March 2013. The patients comprised of 41 stem cell transplant (SCT) recipients, 14 solid organ transplant recipients, 11 patients with hematologic or solid organ malignancies, 11 patients with inflammatory-related illnesses, one patient with diabetes mellitus (DM), and one patient with paroxysmal nocturnal hemoglobinuria (PNH) ([Table 1](#T1){ref-type="table"}). For the patients who were tested repeatedly, their medical records were reviewed to find if ganciclovir was treated. All patients signed an informed consent under the protocol for human use. The study was approved by the Human Use Ethical Committee of Korea University Anam Hospital. EDTA blood samples were collected simultaneously for the antigenemia assay and the real-time CMV DNA PCR.

2. The CMV pp65 antigenemia assay
---------------------------------

The CMV pp65 antigenemia assay was carried out within 4 hours of specimen collection using the CINA Kit system (ArgeneBiosoft, Varilhes, France). Briefly, the cytospin slides, with 200,000 cells per glass slide, were prepared, fixed, and permeabilized. The presence of CMV pp65 antigen was then detected using a monoclonal antibody against the CMV pp65 antigen and visualized with a fluorescent secondary antibody. The results were expressed as the number of positive cells per slide, with each slide containing 200,000 leukocytes. The test was considered positive when ≥1 fluorescent cell was observed for every 200,000 leukocytes.

3. Quantitation of CMV DNA by real-time PCR in whole blood
----------------------------------------------------------

The real-time CMV DNA PCR was carried out alongside the CMV antigenemia assay using the Q-CMV real-time complete kit according to the manufacturer\'s instructions. This test was based on the simultaneous amplification of the exon 4 region of the CMV MIEA (Major Immediate Early Antigen HCMVUL123) gene and the human β-globin gene DNA that was used as the internal control. Briefly, CMV DNA was isolated from 200 µL of EDTA-treated whole blood samples using the QIAamp DNA blood mini kit (Qiagen, Hilden, Germany). Five microliters of the extracted DNA sample and 20 µL of the reaction mix were added to each microplate well. Sterile water containing the reaction mix was used as a negative control. The PCR conditions were as follows: decontamination at 50℃ for 2 min, initial denaturation at 95℃ for 10 min, followed by 45 cycles at 95℃ for 15 sec each, and at 60℃ for 1 min. PCR reactions were performed on an Applied C1000 thermal cycler with a CFX96 real-time system (Bio-Rad, Hercules, CA, USA). The laboratory-determined limit of detection (LOD) of the assay was 65 copies/mL. The assay detected CMV DNA in a linear range from 790 copies/mL to 5×10^6^ copies/mL. The value of LOD and the linear detection range were determined according to the manufacturer\'s package insert instructions.

4. Definition of CMV infection and CMV disease
----------------------------------------------

CMV infection was defined as the detection of CMV DNA in blood leukocytes in the absence of clinical manifestations or organ function abnormalities \[[@B9]\]. CMV disease was defined as the association of documented CMV infection with clinical symptoms, such as unexplained fever and leukopenia (\<4×10^9^/L in two consecutive samples) and/or thrombocytopenia (\<150×10^9^/L) not developing in any patient during the follow-up \[[@B9]\].

5. Statistical analysis
-----------------------

A proportion of the positive and negative results were compared by using the chi-square test. Agreement between the real-time CMV DNA PCR and the antigenemia assay results was assessed by Cohen\'s kappa coefficient value with 95% confidence intervals (CI). Cohen\'s kappa coefficient values were interpreted as follows: 0-0.2 as slight agreement, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1 as excellent. The correlation between the two assays was analyzed using the Pearson\'s correlation coefficient. *P* values less than 0.05 were considered significant. MedCalC (MedCalc Software, Mariakerke, Belgium) and SPSS version 20 (SPSS Inc., Chicago, IL, USA) were used to analyze the data.

RESULTS
=======

1. Qualitative results of the real-time CMV DNA PCR and the antigenemia assay
-----------------------------------------------------------------------------

479 samples were obtained from 79 patients; the test was done only once in twenty-nine patients and repeatedly done in fifty patients. Out of a total of 479 samples, CMV was detected in 156 (32.6%) samples by the real-time CMV DNA PCR and in 99 (20.7%) samples by the antigenemia assay. Substantial concordance of the two assays was observed in 414 (86.4%) samples (Cohen\'s kappa coefficient value=0.659, 95% CI=0.585-0.732, [Table 2](#T2){ref-type="table"}). Of the 65 discrepant samples, 61 samples were antigenemia-negative but real-time CMV DNA PCR-positive. Among these, 45 were below 790 copies/mL and 16 were above 790 copies/mL. Four samples were antigenemia-positive but real-time CMV DNA PCR-negative. There were no clinical particularities for the four patients who were PCR-negative and antigenemia-positive. The number of pp65-positive cells was between 1 and 6 cells/200,000 leukocytes in all four samples.

2. Quantitative results of the real-time CMV DNA PCR and the antigenemia assay
------------------------------------------------------------------------------

The Pearson\'s correlation analysis was performed to assess the correlation between the quantitation of CMV DNA by real-time PCR, and the number of positive cells as determined by the antigenemia assay. There was a statistically significant linear correlation between the real-time PCR and the antigenemia assay for 156 real-time CMV DNA PCR-positive samples (*P*\<0.0001), but the Pearson\'s coefficient value was moderately correlated (r=0.5504, [Fig. 1](#F1){ref-type="fig"}).

Antigenemia values were divided into four groups: group I having negative values, group II having low values (1-10 positive/200,000 leukocytes), group III having intermediate values (11-100 positive/200,000 leukocytes) and group IV having high values (\>100 positive/200,000 leukocytes). Median CMV viral load of the real-time PCR was calculated for each antigenemia category. As shown in [Fig. 2](#F2){ref-type="fig"}, when the antigenemia result was negative, the median CMV viral load was 0.1 log~10~ copies /mL. In groups II, III and IV, the median viral load increased to 3.1 log~10~ copies/mL, 4.1 log~10~ copies/mL, and 5.1 log~10~ copies/mL, respectively.

3. Longitudinal analysis in patients with CMV disease
-----------------------------------------------------

Among 23 patients showing discrepant results between the two assays, 20 patients were tested repetitively. Thirteen CMV-positive patients out of 20 were treated with ganciclovir and CMV disease was observed in 5 out of 13 patients. The median number of days for obtaining the first positive result was 15.5 days (range, 0-56 days) and 23.5 days (range, 8-252 days) for CMV viral load of the real-time CMV DNA PCR and positive cells of the antigenemia assays, respectively. The positive CMV viral load was detected prior to the antigenemia assay positively in 9 of the 13 ganciclovir-treated patients and the results of the antigenemia assay reached the threshold earlier in one patient and simultaneously in three patients. At the start of ganciclovir therapy, the median CMV viral load was 2,716 copies/mL (range, negative to 93,918 copies/mL) and the median number of the antigenemia-positive cells was 3/200,000 WBCs (range, 0-351/200,000 WBCs), respectively. Clinical monitoring during treatment revealed that the median number of days to obtain negative results after ganciclovir therapy was 36.0 days (range, 11-57 days) and 25.5 days (range, 3-53 days) by the real-time CMV DNA PCR and antigenemia assays, respectively. The results of the antigenemia assay were observed to be negative before the real-time CMV DNA PCR in 8 of the 13 ganciclovir-treated patients. The real-time CMV DNA PCR achieved negative results earlier in 3 patients, and simultaneous results were obtained in 2 patients.

DISCUSSION
==========

Antigenemia assay and real-time CMV DNA PCR are widely used for monitoring viral infection, for tracking its recurrence, and for initiating preemptive CMV therapy \[[@B1], [@B10]\]. However, guidelines for preemptive therapy based on these methods have yet to be established owing to the lack of standardization \[[@B11]\]. Clinically relevant cut-off values based on CMV diagnosis test differ among patient populations and institutional settings. Griffiths et al. \[[@B12]\] suggested guidelines for preemptive therapy based on the antigenemia test: thresholds of \>10 positive cells/2×10^5^ WBCs and of ≥1 or 2 positive cells/2×10^5^ WBCs in solid organ and SCT recipients, respectively. Lilleri et al. \[[@B13]\] suggested a cut-off value for initiation of preemptive therapy on a real-time CMV DNA PCR: 300,000 copies/mL and 10,000 copies/mL in solid organ and SCT recipients, respectively. In our center, different assays are adopted for solid organ transplantation and SCT. In solid organ transplant, antigenemia assay results guide preemptive therapy, and treatment is started when more than 1 positive cell/2×10^5^ WBCs is detected. In SCT, real-time CMV DNA PCR guides preemptive therapy, and treatment is started when more than 65 copies/mL is detected. Therefore, consensus regarding the cut-off level for diagnosis of CMV infection has to be defined for the real-time CMV DNA PCR and antigenemia assay.

Our study revealed an 86.4% concordance rate between the real-time CMV DNA PCR and the antigenemia assays from whole blood samples of diverse patient groups, which is similar to the results obtained from other studies ([Table 3](#T3){ref-type="table"}). The design of this study differed from those of other studies in a number of ways, such as the type of samples, the different primer sets, and the diverse patient groups. In this study, whole blood specimen was selected over plasma or serum since several prior studies suggested that whole blood-based real-time PCR has a higher sensitivity compared to plasma or serum-based assays \[[@B14], [@B15]\]. In this study, the CMV MIEA gene was chosen for the Q-CMV Kit assay, but Heo et al. \[[@B16]\] targeted the CMV glycoprotein B (gB). No standardization of target genes is yet agreed on by the larger research community, so further work is needed to establish standardization to encourage comparison of assays across various laboratories using different target genes. In the current study, transplant recipients as well as diverse patients groups were investigated, including those with hematologic or solid organ malignancies, inflammatory-related illnesses, DM and PNH. Contrary to this study, other studies were comprised only of transplant recipients.

Majority of the discrepancy in qualitative results (93.8%, 61/65) was real-time CMV DNA PCR detection in antigenemia-negative and 45 out of 61 samples were below lower linear range (790 copies/mL). This discrepancy could be explained by the increased sensitivity of real-time CMV DNA PCR compared to the antigenemia assay.

In this study, the correlation between the real-time CMV DNA PCR and antigenemia assay was moderate (r=0.5504, *P*\<0.0001), as shown in a previous study \[[@B17]\]. In samples showing antigenemia levels of 0, 1-10, 10-100, and \>100 positive cells, the corresponding median viral load measured by real-time CMV DNA PCR was 0.1, 3.1, 4.1, and 5.1 log~10~ copies/mL, respectively. Significant increases in viral load were observed in samples with more than 1 antigenemia-positive cell, which was above the cut-off level for starting preemptive therapy as chosen by the solid organ transplant centers. When real-time CMV DNA PCR results were compared with groups classified according to the results of the antigenemia assay, the results were moderately correlated (r=0.3877, *P*=0.0013), which is in agreement with previous studies \[[@B18]\].

Mhiri et al. \[[@B19]\] reported that the rate of viral load increase is significantly associated with the development of the disease; antigenemia assay does not give an accurate indication of viral load rate increase, since it only counts the number of infected cells. In the present study, the time for detection by the real-time PCR was earlier (median of 15.5 days) compared with that by the antigenemia assay (median of 23.5 days), consistent with the data of Ghaffari et al. \[[@B20]\]. Furthermore, the time to become undetectable by the real-time PCR was slower (median of 36 days) than the antigenemia assay (median of 25.5 days), which is similar to the results by Mhiri et al. \[[@B19]\]. The clinical application of real-time CMV DNA PCR for monitoring response to therapy remains unclear, because PCR used for detection of viral DNA cannot distinguish between CMV-infected cell destruction and the genome of the defective virus \[[@B21]\].

Although the real-time CMV DNA PCR has high sensitivity, currently there is no clear agreement on the ideal cut-off for the diagnosis of CMV infection. Thus, treatment decisions should be done with caution, considering trends in viral load and the sensitivity of the methods used in individual laboratories and not just relying on the absolute value recorded in a single test. Even though moderate correlation was observed in this study, this study included a diverse group of patients with a small number of patients in each group. Thus, larger group studies are needed to confirm the optimal cut-off value of real-time PCR for CMV infection.

In conclusion, quantitative results of the Q-CMV real-time complete kit had good correlation with results of the CMV antigenemia assay, suggesting that the real-time CMV DNA PCR can be effective in early detection of CMV infection and guiding therapy.
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![Correlation between the cytomegalovirus (CMV) DNA copy number and the number of pp65-antigen-positive cells in 156 real-time CMV DNA PCR-positives. Results from these tests are expressed as follows: pp65 assay as positive cells/200,000 examined white blood cells (WBCs); CMV DNA as log~10~ copies/mL (Pearson\'s correlation coefficient; n=156, r=0.5504, *P*\<0.0001). The linear regression (solid line) with 95% confidence intervals (dotted line) is shown.](alm-35-99-g001){#F1}

![Evaluation of cytomegalovirus (CMV) DNA in whole blood samples for different groups of pp65-antigenemia (Pearson\'s correlation coefficient; n=156, r=0.3877, *P*=0.0013). The CMV DNA load was plotted for four pp65-antigenemia groups. For each pp65 group, the median CMV DNA load (log~10~ copies/mL), the interquartile 50% range, and the range of values are represented. Abbreviation: WBC, white blood cell.](alm-35-99-g002){#F2}

###### 

Clinical diagnosis of patients
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Abbreviations: UC, ulcerative colitis; SLE, systemic lupus erythematosus; DM, diabetes mellitus; PNH, paroxysmal nocturnal hemoglobinuria.
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Comparison of the qualitative results of the Q-CMV real-time complete kit and the CINA Kit
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Concordance rate 86.4% (414/479). Cohen\'s kappa coefficient value=0.659 (95% confidence intervals=0.585-0.732).
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Summary of results from the real-time quantitative PCR assay and the antigenemia assay in Korea
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Abbreviations: WB, whole blood; RQ-PCR, real-time quantitative PCR assay; Ag, antigenemia assay; CMV, cytomegalovirus.
